Working memory has been consistently associated with mathematics achievement, although the etiology of these relations remains poorly understood. The present study examined the genetic and environmental underpinnings of math story problem solving, timed calculation, and untimed calculation alongside working memory components in 12-year-old monozygotic (n = 105) and same-sex dizygotic (n = 143) twin pairs. Results indicated significant phenotypic correlation between each working memory component and all mathematics outcomes (r = 0.18 -0.33). Additive genetic influences shared between the visuo-spatial sketchpad and mathematics achievement was significant, accounting for roughly 89% of the observed correlation. In addition, genetic covariance was found between the phonological loop and math story problem solving. In contrast, despite there being a significant observed relationship between phonological loop and timed and untimed calculation, there was no significant genetic or environmental covariance between the phonological loop and timed or untimed calculation skills. Further analyses indicated that genetic overlap between the visuo-spatial sketchpad and math story problem solving and math fluency was distinct from general genetic factors, whereas g, phonological loop, and mathematics shared generalist genes. Thus, although each working memory component was related to mathematics, the etiology of their relationships may be distinct.
Introduction
Mathematics achievement is a critical gateway for individual educational attainment and socioeconomic status, as well as for national prosperity (National Mathematics Advisory Panel, 2008; Richie & Bates, 2013) . Given that mathematics disability affects 5 -8% of the population (Geary, 2004) , understanding and ameliorating mathematics difficulties has become a primary concern of many researchers, educators, and governments. As a result, extensive research has examined the cognitive underpinnings of mathematics achievement across a wide array of mathematical skills. Within this broader literature, Baddeley's model of working memory has been particularly influential (for review see Raghubar, Barnes, & Hecht, 2010) . Briefly, the model posits a central executive and two passive stores: the phonological loop and visuo-spatial sketchpad (Baddeley, 2001 ). The phonological loop processes short term verbal information, such as lists of digits or words, whereas the visuospatial sketchpad processes short term visual and spatial information, such as patterns or sequences of movements.
The phonological loop has typically been assessed by utilizing lists of nonwords (Gathercole, Willis, Baddeley, & Emslie, 1994) or lists of digits, as featured in numerous intelligence test batteries, such as the Wechsler Intelligence Scale for Children (Wechsler, 2004) . A key difference between the tasks is that digit span features words in the lexicon (Baddeley, Gathercole, & Papagno, 1998) , though the two tasks are highly correlated with each other in middle childhood (Gathercole et al., 1994) . While the phonological loop has been noted as particularly important to language development (Baddeley, Gathercole, & Papagno, 1998) , its role in mathematical skills has also been examined. Numerous studies have established a relationship between the phonological loop and mathematics (Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007; Henry & MacLean, 2003; Koontz & Berch, 1996; Maybery & Do, 2003; Meyer, Salimpoor, Wu, Geary, & Menon, 2010; Passolunghi & Siegel, 2001; Rasmussen & Bisanz, 2005; Swanson & Beebe-Frankenberger, 2004) . For example, Swanson & Beebee-Frankenberger (2004) found that short term phonological memory was a significant predictor of word problem solving, but not math calculation ability. In general, studies have shown that when the phonological loop is a predictor of mathematics, the mathematics task requires more complex computations (for review see DeStefano & LeFevre, 2004; Raghubar, Barnes, & Hecht, 2000) , and have shown the phonological loop is not as robustly related to simple math computations or retrieval of factual mathematics knowledge. The phonological loop may also be particularly important for computations in which children rely on counting strategies (e.g. Geary, 1993; Hecht, 2002) . In addition, children with math disability or at risk of math disability possess smaller phonological loop spans than typically developing children.
Other studies have shown a significant correlation between the visuo-spatial sketchpad and mathematics (Bull, Espy, & Wiebe, 2008; Geary et al., 2007; Henry & MacLean, 2003; Holmes & Adams, 2006; Kyttälä, 2008; Maybery & Do, 2003; Rasmussen & Bisanz, 2005; Reuhkala, 2001; Simmons, Willis, & Adams, 2012) . Simmons et al. (2012) suggested that the visuo-spatial sketchpad, as measured by block recall, was a unique predictor of 5-to 8-year-old children's number writing and symbolic magnitude judgments. Likewise, Maybery & Do (2003) found that fixed spatial span was the best predictor of mathematics performance across three domains of mathematics: number, measurement, and space. In early adolescence Henry & MacLean (2003) suggested visuo-spatial working memory predicted arithmetic reasoning. Moreover, visuo-spatial working memory has been found to be a predictor of mathematics in children that score in the top 3 percent on the mathematics portion of the Scholastic Aptitude Test (Dark & Benbow, 1991) . Thus, across a wide range of ages and tasks there is a moderate and significant relationship between visuo-spatial sketchpad functioning and mathematics.
In parallel to the aforementioned literature, research has begun to elucidate the genetic and environmental underpinnings of both working memory components and mathematics. As is the case with most cognitive variables, this work has shown that working memory components are, in general, moderately heritable (Ando, Ono, & Wright, 2001; Luciano et al., 2001; Plomin, Pedersen, Lichtenstein, & McClearn, 1994; Polderman et al., 2006; Thapar, Petrill, & Thompson, 1994) Moreover, the genetic contributions to working memory, while associated with genetic influences on general cognitive ability, also are partially distinct from genetic factors influencing general cognitive ability (Ando et al., 2001; Luciano et al., 2001; Polderman et al., 2006) . Shared environmental influences tend to be non-significant, whereas significant nonshared environmental influences have been indicated for components of working memory. In terms of mathematics, results suggest that additive genetic influences are significant across a variety of mathematics achievement measures (Alarcón, Knopik, & DeFries, 2000; Hart, Petrill, Thompson, & Plomin, 2009; Kovas, Harlaar, Petrill, & Plomin, 2005; Oliver et al., 2004; Thompson, Detterman, & Plomin, 1991 ). Mathematics appears to share genetic variance with reading and general cognitive ability, but also has unique additive genetic effects that are specific to math (Alarcón et al., 2000; Hart et al., 2009; Kovas et al., 2005) . Additionally, mathematics has shared environmental influences (Hart et al., 2009; Petrill et al., 2012) .
Taken together, though there is a growing body of evidence describing the relationship between working memory components and mathematics, the etiology of working memory components, and the etiology of mathematics achievement, these literatures are largely separate and little is known about the underlying etiology of working memory components in relation to mathematics. Therefore, one important unresolved issue is whether the underlying genetic and environmental etiologies of working memory components are associated with the genetic and environmental influences on mathematics. Both the visualspatial sketchpad and the phonological loop are moderately correlated with measures of mathematics, but the factors that underlie these patterns of covariance may be distinct. Understanding whether individual differences in mathematics achievement and working memory components have common genetic and environmental influences provides evidence as to what may underlie these correlations and may influence how we address mathematics disabilities more broadly.
Thus, the purpose of the present study was to examine the genetic and environmental contributions to the relationship between working memory components and mathematics achievement using a twin design. Because the previous literature suggested significant additive genetic influences on both working memory and mathematics and established a link between visuo-spatial span and several mathematics tasks, we hypothesized that genetic influences associated with the visuo-spatial sketchpad would be generally associated with mathematics measures. Furthermore, we hypothesized that solving math story problems, but not timed calculation and untimed calculation, would have additive genetic overlap with phonological loop processing. Finally, given that previous univariate estimates of the factors influencing working memory have in general not provided evidence for significant shared environmental effects, it was predicted that mathematics would have shared environmental influences that are distinct from working memory components. Likewise, it was hypothesized that nonshared environmental influences would largely be distinct to each measure.
Within these bivariate relations it is possible that significant genetic or environmental etiological overlap between working memory components and mathematics is subsumed by general factors that account for variation between numerous cognitive domains . Therefore, it was also important to address the relationship between working memory and mathematics in the context of general cognitive ability, to examine whether generalist genes accounted for any overlap observed, or if the etiological relationship between working memory components and mathematics was distinct from these general mechanisms. However, while previous research supports the notion of overlap among intelligence, working memory components, and mathematics (Hart et al., 2009; Plomin & Spinath, 2002) , research has also suggested that both mathematics and working memory components may have etiological influences independent of general cognitive ability (Alarcón et al., 2000; Ando et al., 2001; Hart et al., 2009; Kovas et al., 2005; Luciano et al., 2001) . Thus, while it is likely that general factors may account for some of the etiological overlap, it was hypothesized that there may be residual genetic influences that remain significant when examining the overlap between working memory components and mathematics achievement in the context of general cognitive ability.
Method

Participants
Data for the present study were drawn from the Western Reserve Reading and Math Project (WRRMP), a 10-year longitudinal study of reading and mathematics (Petrill et al., 2012) . Measures of working memory capacity and mathematics were collected in the 8 th wave of measurement when children were an average age of 12.25 years (SD = 1.20) and had completed an average of 66.93 months of schooling (SD = 12.48). n = 105 monozygotic (MZ) and n = 143 dizygotic (DZ) same-sex twins pairs participated in this wave of measurement to date. The sample was 59.7% female. Consistent with our prior publications (Hart et al., 2009; Petrill et al., 2012) , we residualized raw scores for sex, age, age squared, school months and school months squared using a regression procedure.
Math achievement measures
Math story problem solving was assessed with the Woodcock-Johnson Tests of Achievement (WJ III ACH) Applied Problems subtest (Woodcock, McGrew, & Mather, 2001) . Children were presented with math story problems both orally and visually and computed a variety of math operations in order to solve questions of increasing difficulty. Many problems contained extraneous information, so participants had to choose both the appropriate calculations to utilize and the numbers to include in their computation. The published median reliability of this task is 0.92 in the 5-to 19-year-old age range .
Untimed calculation was measured with the WJ III ACH Calculation subtest. The measure assessed children's ability to solve a variety of mathematics computations (Woodcock, McGrew, & Mather, 2001) . These included addition, subtraction, multiplication, and division computations, along with problems that included combinations of these operations. Computations included negative numbers, percents, decimals, fractions, and whole numbers. Published median reliability for this test is 0.85 in the 5-to 19-year-old age range .
Timed calculation was assessed with the WJ III ACH Math Fluency subtest (Woodcock, McGrew, & Mather, 2001 ). Children solved a mixture of single digit addition, subtraction, and multiplication items within a 3-minute time limit. The published median reliability for this test is 0.89 for the 7-to 19-year-old age range ).
Working memory measures
Visuo-spatial sketchpad was measured using the Corsi Blocks task (Corsi, 1972) . Participants completed the forward version of Corsi Blocks. Blocks were presented in a standardized layout and pointed to by the experimenter one at a time using a set pattern for block-tapping (Pagulayan, Busch, Medina, Bartok, & Krikorian, 2006) . This pattern is quasi random, so that no one block is tapped more than once in a sequence. When the experimenter was done indicating the block sequence the child reproduced the sequence. There were five trials in each level and nine levels of difficulty. Levels corresponded to the number of blocks tapped in the sequence. The total raw score out of 45 was utilized in analyses.
Phonological loop was assessed with the Stanford-Binet Intelligence Scales' Memory for Digits subtest (Thorndike, Hagen, & Sattler, 1986) . The test has two parts, Digits Forward and Digits Reversed; however only Digits Forward was used in the current analyses. In Memory for Digits -Forward participants were read a list of digits and the participant repeated the same digits at the end of the list. Reported reliability estimates range from 0.80 to 0.86 in the 7-to 17-year-old age range (Thorndike, Hagen, & Sattler, 1986) .
g factor measures
Though standardized intelligence testing was not completed in the current wave of data collection, other standardized measures from the wave 8 measurement occasion and a linked 7 th measurement occasion that was typically administered within four weeks prior (M = 17.94 days, SD = 16.49), were used to construct a factor score that was representative of g. These five measures, each described in more detail to follow, were the Boston Naming Test, Clinical Evaluation of Language Fundamentals (CELF) Word Classes subtest, Woodcock Reading Mastery Test -Revised (WRMT-R) Word Identification subtest, Wechsler Intelligence Scale for Children (WISC) Symbol Search subtest, and Comprehensive Test of Phonological Processing (CTOPP) Rapid Digit Naming and Rapid Letter Naming subtests. The Boston Naming Test, CELF Word Classes, and WRMT-R Word Identification tasks were administered in the wave 7 visit, whereas WISC Symbol Search, and CTOPP Rapid Digit Naming and Rapid Letter Naming were administered in the same session as the working memory and mathematics measures.
The Boston Naming Test is a confrontation naming test that assesses word retrieval (Kaplan, Goodglass, & Weintraub, 1983) . Participants were shown a line drawing of an object and responded with the name of the object. Children were not given any cues or feedback throughout the test. The test consists of 60 line drawings.
CELF Word Classes evaluated a child's ability to understand and express relationships between words that are related by semantic class features (Semel, Wiig, & Second, 2003) . Children were read four words and had to choose the two words of the set that went together, a receptive score. Then, children indicated why they chose the two words, an expressive score. The combined total raw score was used in analyses. The total score has a reported reliability of 0.83 -0.90 in the 9-to 13-year-old age range.
WRMT-R Word Identification assessed real-word decoding (Woodcock, 1998) . Children were asked to identify isolated words. The task has a reported reliability of 0.91 at 5 th grade and 0.98 at 8 th grade.
WISC Symbol Search measured processing speed . Children were shown target symbols and then decided whether the target symbols were among a search group of symbols. Children had two minutes to complete as many items as possible. Reported reliability estimates range 0.79 -0.82 in the 9-to 13-year-old age range.
CTOPP Rapid Digit Naming and Rapid Letter Naming measured naming speed (Wagner, Torgesen, & Rashotte, 1999) . Participants read lists of digits and letters as quickly as possible. Time from both tasks were totaled together and used in analyses. Reported reliability for Rapid Digit Naming and Rapid Letter Naming are 0.80 and 0.72, respectively, in the 8-to 17-year-old age range.
Results
Descriptive statistics of the working memory components and mathematics measures are presented in Table 1 . Means and standard deviations for each of the measures were within the average range, except for Applied Problems where the children scored above the published norm of 100 and had reduced variance. Turning to the relationships amongst different measures of mathematics achievement and working memory components, Pearson correlations are displayed in Table 2 . There were moderate and significant correlations among all the measures, ranging from r = 0.17 between Corsi Blocks and Memory for Digits to r = 0.64 between Applied Problems and Calculation.
Using the twin design, we then examined genetic and environmental contributions to working memory components and mathematics achievement. Briefly, MZ twins share 100% of their segregating genes and 100% of their shared environment. In contrast, DZ twins share 50% of their segregating genes, on average, and 100% of their shared environment. These differences in genetic relatedness were used to estimate the proportion of the variance in a trait due to additive genetic (A), shared environmental (C), and nonshared environmental influences (E). Intraclass correlations (see Table 1 ) suggested that MZ twin pairs were more similar than their DZ counterparts across all measures, indicating that additive genetic differences contribute to all abilities measured. Furthermore, because the correlation of the MZ pairs was less than one, nonshared environmental effects (including error) were also implicated. Shared environmental influences were suggested for the mathematics measures because MZ correlations were less than twice DZ correlations. In contrast, shared environmental influences were not indicated for the components of working memory.
These descriptive findings were tested more formally using structural equation models in Mx (Neale, Boker, Xie, & Maes, 2006) . Genetic and environmental variance components are presented in Table 3 . Significant additive genetic influences underlie both Corsi Blocks and Memory for Digits, accounting for approximately half of the variance, (a 2 = 0.46 and 0.56, respectively). Moreover, additive genetic factors were significant for all math measures (a 2 = 0.39 -0.56). Shared environmental influences were significant for Applied Problems and Calculation, but not Math Fluency (c 2 = 0.36 and 0.31, respectively), which is consistent with previous findings in this sample (Hart et al., 2009; Petrill et al., 2012) . In contrast, shared environmental factors were non-significant for Corsi Blocks (visual spatial sketchpad) and Memory for Digits (phonological loop). Finally, we found significant nonshared environmental effects for all measures (which also include random error).
Beyond these univariate findings, the primary aim of the study was to examine the relationship between working memory components and mathematics. To accomplish this, a series of bivariate Cholesky decomposition models ( Figure 1) were fit in Mx so that each measure of mathematics was examined alongside each working memory component. In this way, bivariate analyses were employed to estimate the additive genetic, shared environmental, and nonshared environmental covariance between each working memory component and each mathematical measure, as well as those genetic, shared environmental, and nonshared environmental factors unique to mathematics. The first genetic factor (A1) estimates the variance in the working memory component, as well as the variance in mathematics that is associated with the working memory component. The second genetic factor (A2) estimates any residual additive genetic influences unique to mathematics. Similarly, overlapping and unique shared environmental (C1, and C2) and nonshared environmental (E1, and E2) influences are estimated. Separate bivariate models were fit for each comparison.
Results for each of the bivariate models are presented in Table 4 . Figure 1 shows the results for Corsi Blocks and Applied Problems. If the path from Corsi Blocks through A1 to Applied Problems is significant, then this suggests significant shared additive genetic influences between the two measures. As indicated in the second line of Table 4 and The Cholesky models can also be used to examine how genetic and environmental factors contribute to the observed phenotypic correlations between working memory components and math outcomes. Specifically, tracing the paths of the bivariate analyses from the working memory component through each of the A1, C1, and E1 factors to the mathematics measure allows for the calculation of the part of the phenotypic correlation attributable to additive genetic, shared environmental, and nonshared environmental differences. For example, multiplying the path from Corsi Blocks to A1 and the path from A1 to Applied Problems, (0.60 × 0.53 = 0.32), indicates that nearly all of the phenotypic correlation between Applied Problems and Corsi Blocks (r = 0.33) was due to underlying genetic influences. The same pattern of results was found for the relationships between Corsi Blocks and Calculation (r = 0.31, 0.68 × 0.40 = 0.27), as well as between Corsi Blocks and Math Fluency (r = 0.29, 0.66 × 0.37 = 0.24). The shared environmental factor did not overlap, therefore nonshared environment accounted for the remaining portion of the covariance between measures. These findings indicate that across a range of measures of mathematics achievement, additive genetics underlie the observed phenotypic correlation between the visuo-spatial sketchpad and mathematics.
The proportion of the phenotypic correlation due to genetic and environmental influences was also calculated for the overlap between the phonological loop and mathematics. Similar to the overlap between Corsi Blocks and mathematics, shared additive genetics accounted for nearly all of the correlation between Memory for Digits and Applied Problems (r = 0.32, 0.76 × 0.40 = 0.30). In contrast, additive genetic overlap for the other two mathematics measures was non-significant and accounted for a little over half of the correlation between Memory for Digits and Calculation (r = 0.26, 0.75 × 0.21 = 0.16) and none of the correlation between Memory for Digits and Math Fluency (r = 0.18, 0.72 × 0.00 = 0.00). Overlapping shared and nonshared environmental influences were largely non-significant but accounted for the remaining covariation between mathematics and the phonological loop.
Additional analyses were conducted to examine the etiological overlap of working memory components and mathematics in the context of general cognitive ability. A g factor was constructed using other standardized measures that were part of recent waves of assessment. The first unrotated principal component was extracted from The Boston Naming Test, CELF Word Classes, WRMT-R Word Identification, WISC Symbol Search, and CTOPP Rapid Digit Naming and Rapid Letter Naming (see Table 5 for descriptive statistics). g accounted for 49.4% of the variance among measures. A trivariate Cholesky decomposition was run for each of the previous analyses, with the g factor as the first variable. If general genetic mechanisms explain the overlap observed in the bivariate analyses, then the path from the working memory component through A2 to the mathematics measure would be nonsignificant. However, if the path remained significant while accounting for more general genetic overlap, then this would suggest distinct additive genetic overlap between the working memory component and mathematics achievement.
Results of the Cholesky models in Table 6 indicate that g was moderately heritable, with additive genetics accounting for roughly half of the variance in general cognitive ability. g did not have significant genetic overlap with Corsi Blocks. Importantly, in examining the overlap between working memory components and mathematics, results showed that Corsi Blocks shared significant genetic influences with Applied Problems ( In examining the phonological loop, g had significant genetic overlap with Memory for Digits. The previously significant genetic effects between Memory for Digits and Applied Problems were non-significant when general genetic factors were accounted for. Furthermore, Memory for Digits and Calculation as well as Memory for Digits and Math Fluency did not have significant genetic overlap in the bivariate analyses and therefore, as would be predicted, did not have significant overlap beyond g. Together, the results suggest general genetic factors underlie covariance in g, phonological loop, and mathematics.
Discussion
The purpose of the present study was to examine the genetic and environmental contributions to the correlation between mathematics and working memory components. Results suggest that the visuo-spatial sketchpad shared significant additive genetic influences with all measures of mathematics. These results are consistent with findings regarding the overlap between mathematics and spatial skills more broadly. Recent work by Tosto and colleagues (Tosto et al., 2014) showed that additive genetics account for approximately 60% of the correlation between spatial abilities and school mathematics achievement. Likewise, the results of the current study suggest that genetic overlap is a significant factor in the relationship between the short term storage of visuo-spatial information and mathematics, accounting for approximately 89% of the observed correlation between the measures. Thus, future work could expand on these parallel findings to investigate whether the overlapping genetic effects implicated in the present study also account for the relationship between mathematics and spatial skills more generally.
Turning to the phonological loop, significant additive genetic overlap with math story problem solving is consistent with previous findings that suggest solving math story problems is predicted by phonological loop functioning. Identifying these genes responsible for the overlap among measures remains a critical challenge. Emerging work is beginning to identify genes related to the phonological loop (Bates, Luciano, Medland, Montgomery, Wright, & Martin, 2011; Newbury, Bishop, & Monaco, 2005) , often in relation to reading and language difficulties. The current study suggests there are also genetic links between phonological loop and math story problems to be explored further in future work. In contrast, and also consistent with previous findings that storage of phonological information is not a robust predictor of calculation (e.g. Swanson & Beebe-Frankenberger, 2004) , there were no significant genetic or environmental overlap between phonological loop and both timed and untimed calculation. Therefore, despite timed and untimed calculation being moderately correlated with the phonological loop, results of the current study suggest genetic and environmental influences on the phonological loop may be distinct from simple mathematics calculation in late childhood.
Interestingly, analyses that included g, which examined whether the overlap between visuospatial sketchpad and mathematics was due to generalist genes responsible for the overlap between numerous cognitive domains, indicated that visuo-spatial sketchpad had distinct genetic influences shared with math word problem solving and timed calculation, beyond overlap with general genetic mechanisms. This suggests that visuo-spatial memory skills may tap into a part of math that is somewhat distinct from its overlap with more general mechanisms, like general cognitive ability. In contrast, further analyses into the significant genetic association between phonological loop and mathematics, Memory for Digits and Applied Problems, revealed that genetic overlap between phonological loop and math story problem solving was non-significant when accounting for genetic overlap with g. There are two possibilities for why visuo-spatial sketchpad, but not phonological loop would have genetic effects independent of g. First, visuo-spatial skills may represent a distinct biological pathway to mathematics skills, separable from general genetic factors. However, a second possibility that must also be considered is that the measure of phonological loop in this study, Memory for Digits, comes from an intelligence test battery. As such, Memory for Digits may be more closely related to g than other measures of phonological loop, which could show independent genetic effects.
Turning from genetic to environmental influences, the overall lack of shared environmental overlap amongst the working memory components and mathematics is noteworthy. Consider that shared environmental influences contribute approximately 30% of the variance in mathematics measures. However, none of these shared environmental factors appear to be associated with working memory. This lack of overlap may suggest two alternative scenarios. First, genetic effects on memory span may be greater than those on mathematics. Second, shared environmental influences on mathematics may result from instructional differences between schools and these differences may not impinge on the visuo-spatial sketchpad or phonological loop. Work by Finn et al. (2014) provides some support for this second alternative, finding that schools were a predictor of differences in mathematics achievement, but variance in instruction between schools was not related to general cognitive skills. This suggests that differences between schools, a potential shared environmental factor, may lead to differences in levels of mathematics achievement, but not account for differences between children on more general abilities, such as memory span.
One limitation of the present study is the use of a single measure to assess the visual-spatial sketchpad and phonological loop. Though digit span and block tapping are two well-known and often utilized measures, there is some debate as to representativeness of these two measures to visual-spatial and phonological working memory. Ultimately, a design which includes multiple measures of each working memory component alongside multiple measures of mathematics is needed to test how robust the current findings are across different measures of the visuo-spatial sketchpad and phonological loop.
Despite this limitation, the present study does systematically assess a variety of mathematics achievement outcomes, including math story problem solving, timed calculation, and untimed calculation. These skills are highly visible in school mathematics and achievement in formal schooling. Shared genetic etiology with the visuo-spatial component of working memory suggests that influences on individual differences in mathematics are not specific to mathematics alone. In contrast, additive genetics associated with the phonological loop are only shared significantly with math problem solving. Thus, there may be multiple biological pathways of risk for math difficulties. In addition, the lack of shared environmental overlap is perhaps indicative that individual differences in working memory components and their overlap with math are not due to differences in classroom instruction. Conversely, mathematics continues to have significant shared environmental influences, which indicates that between family differences are contributing to individual differences in mathematics outcomes. Therefore, another critical challenge remains to identify these shared environmental differences that contribute to individual differences in mathematics.
Highlights
• We examined the genetic and environmental underpinnings of working memory and math.
• Genetic factors accounted for overlap of visuo-spatial sketchpad and math measures.
• Genetic influences were shared between phonological loop and math story problems.
• Visuo-spatial, but not phonological component, had genetic effects distinct from g.
• Shared environmental influences on math were not associated with working memory. Bivariate results assessing the additive genetic (A), shared environmental (C), and nonshared environmental (E) influences shared and specific to working memory components and mathematics achievement Trivariate results assessing the additive genetic (A), shared environmental (C), and nonshared environmental (E) influences shared and specific to g, working memory components, and mathematics achievement 
